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1. FUNDAMENTAL AND DERIVED UNITS 
Metric English 
Symbol 
Unit Abbrevia- Unit Abbrevia-tion tion 
I_ength ___ ___ I meter __________________ m foot (or mile) _________ ft. (or mi.) Time ________ t second ___ _______ ____ ___ s second (or hour) _______ sec. (or hr.) 
Force ____ ____ F weight of 1 kilogram _____ kg weight of 1 pound _____ lb. 
Power _______ P horsepower (metric) _____ 
----- --- --
horsepower ___ ________ hp. 
Speed ___ ____ V {kilometers per hour __ ____ k.p.h. miles per hOUL ___ ____ m.p.h. meters per second ____ ___ m.p.s. feet per second ________ f.p.s. 
2. GENERAL SYMBOLS 
Weight=mg 
Standard acceleration of gravity=9.80665 
m/s2 or 32.1740 ft./sec.2 
IV Mass=-g 
Moment of inertia=mP. (Indicate axis of 
radius of gyration k by proper subscript.) 
Coefficient of viscosity 
v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg-m-4-s2 at 
15° C. and 760 mmi or 0.002378 Ib.-ft. -4 sec. 2 
Specific weight of "standard" air, 1.2255 kg/m3 or 
0.07651 lb. /cu. ft. 
3. AERODYNAMIC SYMBOLS 
Area 





True air speed 
Dynamic pressure=~p V2 
Lift, absolute coefficient OL=:S 
Drag, absolute coefficient OD= ~ 
Profile drag, absolute coefficient ODO=~S 
Induced drag, absolute coefficient ODj= ~S 
Parasite drag, absolute coefficient ODP=~S 






Angle of setting of wings (relative to thrust 
line) 
Angle of stabilizer setting (relative to thrust 
line) 
Resultant moment 
Resultant angular velocity 
Reynolds Number, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C., the cor-
responding number is 234,000 i or for a model 
of 10 cm chord, 40 m.p.s., the corresponding 
number is 274,000) 
Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 
Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zero-
lift position) 
Flight-path angle 
R, Resultant force 
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By THrJO DORE TREODOHSEN, GEORGE VV . STICKLE. and M. J. BRr}VOORT 
SUMMARY 
This investigation is part oj an extensive expe1'imental 
study that has been carried out at jull scale in the N. A. 
C. A. 20100t tunnel, the purpose oj which has been to 
jU1'nish information in TegaTd to the junctioning oj the 
propeller-cowling-nacelle unit undeT all conditions oj 
talee-o.f!, climbing, and nonnal flight. This report pTe-
ents the Tesults oj te ts oj six pTopelleTs in the nOTmal and 
high-speed flight range. and also includes a study oj the 
take-oJ! characteristics. The range oj the advance-
diameter ratio has been extended jaT beyond that oj earlieT 
full-scale expeTiments at the Labomtory, blade-angle set-
'tings np to 45° being included, which aTe equivalent to air 
speeds oj more than 300 miles peT hOUT j(l1' propelleTs oj 
n01'1nal size and Tevolution sJJeed. All the pTopelleTs weTe 
tested in conjunction with a standaTd nacelle unit equipped 
with half a do zen TepTesentative N. A. C. A. cowlings. 
The results show veTY stTileing dijJeTences in the aeTody-
namic qualitie oj the vaTious propellers, paTtic1dady in 
the high-speed mnge. Also oj interest is the fact that the 
conventional propeller is shown to reach its peale efficiency 
in a range oj 200 to 350 miles peT hour and at a blade angle 
oj approximately 35°. The inadequacy oj using the pro-
pulsive efficiency unconditionally as a jiguTe oj meTit is 
shown. This efficiency, defined in conventional manner, 
is j ound actually to exceed unity in ceTtain cases, owing to 
the jact that certain cowlings show a decTeased drag in the 
pTopeller lipstTeam. The adoption oj some tandaTd 
nacelle unit is theTef01'e Tecommended as a basis JOT the com-
pamtive testing oj propelleTs. The expeTimental Tesults 
aTe pTesented in convenient chaTts. Charts JOT pmctical 
use in selecting pTopelleT diameters and chaTts jor choosing 
the optimum blade-angle setting in the take-oJ! range are 
given in an appendix. 
INTRODUCTION 
The reportE'd investigation is part of a comprehensive 
study of cowling-nacelle-propeller combination (refer-
ences 1 and 2). The tests were conducted in the 
. A. O. A. 20-foot tunnel (reference 3) of full-size 
commercial propellers over the full range of blade angles 
up to 45° fIJld over the full range of tu nnel speeds up to 
about 100 miles per hour. Recent rapid increase in 
the peed of airplanes has produced a need for te ts 
extending to large values of the advance-diameter ratio 
V jnD. T o the knowledge of the authors this i the 
fixst time that the effect of the cowling form on the 
propeller ha been systematically investigated and that 
a eries of full-scale propellers has been tested up to 
45° blade angle. 
It has been mentioned elsewhere (reference 1) that 
the quantity Pc= q~V (where P i the power supplied 
to the propeller shaft, S the di k area, V the velocity, 
and q the velocity head of the air stream) repre ents 
the contraction of the propeller slipstream. It will be 
referred to as the "unit eli Ie loading" or "disk-loading 
coefficient." 
The great convenience of using the quantity Pc in 
comparing the results of tests of various propellers i 
realized. Th e ideal efficiency is directly a function of 
Pc. For a given horsepower and propeller size, Pc is 
proportional to the inverse of the thll'd power of the air 
peed. For this reason the various diagrams are based 
on l / !JPc rather than on Pc' the absci sa thus being 
proportional to the air speed. The various efficiencies 
have in several cases been plotted against till quantity. 
For practical purposes of choosing propeller diameters 
for given value of the other variables, it is perfectly 
possible to include curves of constant V lnD and blade-
angle setting. All practical values may, however, be 
obtained directly from the con tom charts given in the 
appendix, willch are based on the m-.rperimental results 
of tills investigation. 
Equal values of Pc actually correspond to similar 
B.ow conditions through the propeller disk and around 
the nacelle. A test to simulate a speed of 300 miles per 
hom may thus be run at 100 miles per hom tunnel speed 
with the value of Pc adjusted to give the identical slip-
stream contraction. Tills value is obtained by reduc-
ing the thrust to 1/9 or the power supplied to the sh aft 
to 1/27 of the actual value at 300 miles per hour. The 
test is thus actually conducted at a scale or Reynolds 
Jumber of 1/3 of the full-scale values. Experience 
shows, however , that no particular Reynolds umbE'l' 
1 
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effect is expected in thi range ince the test are con-
clucted far beyond the u ual model range. On the 
other band, the reported test were all conducted at 
tip speeds far below oun l velocity and the result may 
F,GURE 1. 1'est model with noge 18 and propeller n mounted on the balance frame 
in the 20-foot wind tunnel. 
be considered frc e from any cfrect of the compl'e -
ibility of the ail' . 
A will be evident from the te t re ult , the propul ive 
efficiency < lone a defined in the usual manner i not a 
depend able criterion of the efficiency of the propeller 
teste l in conj unction with a nacelle but is quite de-
pendent on th e particular nacelle or body u ed behind 
the propeller. Till effLCiency i therefore signifl ant 
only if the various propeller are tested on the id en tical 
nacelle. For thi reason a quantity termed the "net 
efficiency," which relate to the entire propeller-nacelle 




where R is the net forward thru t of the entire unit as 
mea ured on the thru t scale. Thi quantity is in 
itself a perfectly arbitrary reference number, depeud-
ing largely on the relative dimen ions of th e propeller 
and the nacelle. 
ince the same nacelle ha been u ed throughout the 
cntire test series, it i certain that the combination 
giving the highest net efficiency under any pecified 
condition i superior to any other combination. The 
net effi ciency may be considered as containing the pro-
pulsive efficiency together with the efficiency of the 
cowling-nacelle. 
FIGURE 2.-Propellers used in tbe in vest iga tion . 
DE eRJPTIO OF TESTS 
Figure 1 is a photograph of the installation in the 
20-foot tunnel u ed for thi investigation. Figure 2 
shows the propellers used, the complete details of which 












H amilton tandard 610 1-0 _____ __ _____________ __ _ 
H amilton-Standard 1C 1-O ___ _______________ . ____ _ 
Hamilton- tandard 1C 1-0 (modified) ___ ________ _ 
Navy phn form 5 68-9 ______ __ ____ _______ _____ __ _ 
Navy plan form 5 r, 9 __ ___ __ ___________________ _ 
avy phn form 3790 ____ ______ __ ________ _______ _ _ 
N~ber Diam-
blades eter 







Feet 10.06 ontrollable ___ ________ _____ ____________ ______ _____ ___ _______ ______ _ C lark Y. 
10. Q.I Adjustable ____ ___ _ Blade section same as A except near hub __ ___ __ Do. 
10.01 _____ do_ _ __________ nIade angle decreased from the 70-percent radius Do. 
to tbe tip (fig. 3). 10.02 ____ _ do_ _ ______ ___ _ ___ _____ ___ ____ ____ ____ ______ ___ ______ ___ _______ __ Do. 
19: ~ :::::~~ : : :::::::::: _~~~~~_~~_~_~~~~~~~_~~~~~::::::: ::::: : : : :::::::::I H. :'~~.-6. 
--- -----


















(a) Propellers A. B. and B,. (b) Propellers C and D. (c) Propeller E. 
FIGURE a.-Blade·form curves for the propellers tested. D , diameter; b, blade width ; h, blade thickness; P, pitch; R = D/2, radius at t ip ; r, rad iu . 
<t. Propeller if Cylinders 
I Cen er 
·sect ·on.1 
j..--::::~~:+---'-----""-Skirf 2 
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\W j \: :, ISOhp . . : .•... 
. ...., ...... <;.-:==::;';: " i: : electrIc . H ~ .......... .. 
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" 6 L .. ••r .--, 'Force arm '===----
'Sk irf S 
F IGURE 4.-Test arrangement and cowling sbapes used in tbe propeller investigation. 
The drawing in figure 4 how in detail the na-
celle unit with the particular noses and skirts u ed 
in the propeller te ts. Power to the propeller wa 
furnished by a variahle- peed electric motor e11-
closed in the nacelle unit. 
tested up to and includinO' a 
0.75R and a t tunnel speed s 
miles per hour . 
The propeller were 
blade angle of 45° at 
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TEST RE ULTS 
Figure 5 to 22 how the re ults of the experimental 
investigation of six commercial propeller tested in 
conj unction witb a total of six different cowling shapes. I 
E ach figure includes t be variation with V /nD of the 
conventional coefficients Or, Op, and th e propul ive 
efficiency 1), all u ually given at everal blade-angle 
etting . The coefficient 7' and Op are defined a 
follow: 
p 
Op= pl1} D 5 
wh ere p is au' density and D the propeller diam eter. 
lOwing to special interest in pa rticular propellers, the fa ired values of Cr, Cp,~, and 
Cs Cor propellers Band 0 with nose 6 and for propeller B, with nose 7 are presented 
in tables I. II, and III. It is of interest to note that tbe val ues of Cr and Cp at low 
va lues o( V/nD (or the blade angles near 20° and 25° at O.75R do not (air with the 
values (rom tbe other blade angles as well as might be expected. 'rhese val ues check, 
however, with values (rom other tests of the same propellers with difTerent tes t 
set-ups, indicating an instability of flow for low values of ]lIn D in this region of 
hinde-a ngIe selting . 
The propulsive efficiency 1) i defined 
TV 1)=p 
where T= R + D, R being the reading on the thru t 
cale under test conclitions and D the drag for the 
corresponding air peed of the nacelle unit mea ured 
with the propeller off. 
The net efficiency ha been given in everal en. es. 
The net effi ciency i simply defined as 
RV 
1) "= 7 
and is a sort of over-all efficiency of the engine-nacelle-
propeller unit. This efficiency i plotted again t 
the quantity 1j..{/P" where Pc i the propeller unit di k 
loading. 
The following table i a key to the number of the 
figures in which arc plotted the data of th e various 
combination tested. 
KEY TABLE TO FIGURE NUMBERS 
Ourves of CT, Cp, and ~ against ,,~ Propulsive effi ciency envelopes Net effi ciency ellvelopes 
PropelleL ________ A n D, (' D E 
Blade angle (dog.) 24.1 15 20 25 3J 35 40 45 15 25 30 :l5 40 45 15 20 25 30 351 40 45 15 25 30 35 45 10 20 30 40 All anglos 
------ 1-- --- - - - - - - - - -- - - - - - - - - - - - - - - - - - -I--,---;--;-__;_-~----_,____;_-J-- __  Nose L _______ _________________ _ 2 _________ _________________ _ 
3 ________ __ _______ . ________ _ 
4_________________ 13 _____ _ 
fi _________________ 14 16 16 
L _______ ___ _______________ _ 
Propulsive efficiency 
r n vclopes, all noses 
5 _ 5 _ _ _______________________ _ 
7 .P 7 _ _ _ __________________ • _ __ ___ _ 
9 _ _ 9 ___________________ ___ _____ . __ 
11 11 11' _____________________ __ ______ _ 
16 ]6 ] 6 16 15 ________________ li I i 
20 ___ 2J _ _ __ 21 21 21 21 21 21 ___ _ 
tcsted _________ __________ __ _ 28 __ _ ____ ____ _ 
Net efficiency envel-
. ~ ::: LO __ _ 31 _____ _ 32 _____ _ I ~ ::: ::: ::: ::: ::: _:: ::: :: ::: ::: ::: ::: -~ ::: -~ ::: ::: ::: ~L: 
12 __ _ 
Ii li 22 __ _ 
33 ___ 33 
34 34 34 35 ____ _ g :~ -i7 -is -is -is -is -is -io -iii 19 -iii ~~ ~~ ::: ~~ -2ii - 2~ _~31 ~~I-:: 22 ___ ___ ___ ___ ___ ___ ___ _ ___ _ _____ 27 27 27 ___ _ ~5 3:; 
-'--'---'--'--
29 __ 
opes, all noses testcd _ ___ _ __ _ 
~n and ~D nose 2 ___________ -__ - __ ~~ ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: __ II ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: ::: _-
The original result are given in figures 5 to 22 . 
Figures 23 to 27 give the effi ciency envelope of each 
of the propeller for five different no e. FiO'ures 2 
and 29 give a compn.rison of propeller Band C with 
eparate efficiency envelope for each of the noses 
tes ted. The drag for the variou nose te ted i given 
in reference 1. The net efficiencies are given in 
figures 30 to 35, and the particular re ult for pro-
pellers Band C in regard to net efficiencie are fur-
ther given in figures 36 and 37. All the re ult 
are strictly comparable in howing the effect of pro-
pellers and no es since the ame skirt, the ame con-
ductivity 2 of the engine, and, a a con equence, the 
same quantity of cooling air were u ed in all the test. 
Figure 3 show the net efficiency with no cooling air 
a obtained with no e 19 and skirt 5. 
2 In order to repr ent tho degree of t ransm issibility of the ba mes, a quantity 1(. 
designated "conductivity," has been defined in reference I 8S 
\vhere 
Q is tbe volu me of the a ir passi ng th rough tbe barnes per second. 
F, the cross section of tbe nacelle as a reference area. 
q, tbe velocity head. 
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E' IGURE 23.-Propulsi\·e-emciency em-elopes against V/nD lor propellers B and Con F,G UIl E 24.-Propu lsive-effi ciency envelopes against V/n D lor propellers Band COli 
nose 2. nose 3. 
DISCUSSION OF RESULT 
It should be noticed that the propulsive efficiency in 
flO'ure 5 is greater than 100 percent. The high value of 
this efficien y is caused by a certain peculiarity in the 
characteristics of no e 1, which ha been pointed out 
in an earlier r eport (reference 1). It was shown in 
reference 1 that the draO' of this particular nose de-
creased substantially with an increase in lip tream 
velocity owing to the fact that the local angle of attack 
at the leading edge of the cowling was sufficiently 
decreased to prevent a marked breakdown that occurred 
with the propeller off. This effect, which is quite 
contrary to the expectations of the theory, renders the 
practical use of the propulsive efficiency rather ques-
tionable. In other words, whenever some critical flow 
conditions exist that may be favorably affected by the 
propeller slipstream, it is perfectly pos ible to obtain 
efficiencies close to or in excess of unity. High ef-
ficiencies reported from time to tinle may easily be 
explained on this ba is. There are, therefore, only two 






nacelle shape. 0 e 7, de cribed in reference 1, is 
particularly recommen led for this purpose as being 
unusually neutral to the local flow condition at the 
no e. The other alternative i to avoid the use of the 
propul ive efficiency altogether by adopting some other 





















F WunE 25.-Propulsive-efficiency envelopes aga inst V/nD for propellers A. B. and C 
on Ilose 4. 
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F WURE 2i .- Propulsive-effi ciency envelopes aga inst 1-/n D lor propellers JJ , n" and 0 on 110se 7. 
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FIGURE 28.- Propulsive-eil'i cicncy envelopes aga inst V/n D lor noses 2, 3, 4, 6, and T with propeller n. 
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F IG URE 29 .- Propulsive-effi ciency envelopes against V/nD for noses 2, 3, 4, 6, and 7 with propeller C. 
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propeller unit. The quantity defined as net efficiency 
has been u ed for this purpose. In the present report 
both these characteri tics have been given. 
cO'wling 7 by about 2 percent. Figme 29 gives the re-
sults of tests of propeller C with the five different noses. 
In this case noses 3 and 2 exceed the others in efficiency 
by about 5 percent. The highest of all efficiencies 
obtained is 91 percent for propeller Bx with nose 7. 3 
The propulsive efficiencies given in figures 26 and 27 
for the most neutral cowlings 6 and 7 show that propeller 
Bx is definitely superior to the others, exceeding the 
least efficient propeller by 4 to 6 percent. Figme 28 
shows the results for propeller B in conjunction with 
five different cowlings. It will be seen that cowling 6 
superior, exceeding cowling 3 by 1 percent and 
3 If a propeller is operaLing at tip speeds near the velocity of sound, these effi ciencies 
will, of course, be somewhat reduced by compressibility losses. The rompressibility 
losses may be minimized by using thi n propeller Lip sections at or near tbe ideal angIe 
01 attack. (See relerence 4,) E arli er experiments at tbe Laboratory (reference 5) 
have show n that sound Yelocity may be approached within 10 percent with no loss 
in effi ciency. 
---- ----- - ---- ----- - ---- -------
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FIGURE 31.-Net-eillciency envelopes against 1/ p, for propellers D and C 
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FIG UnE 32.-Net-eillciency envelopes against l/l7, for propellers D and C 
on nose 3 . 
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FIG UIl E 34 .- Net-eillciency envelopes against l/V-;;, for propellers D, C, D, and E 0 11 
nose 6. 
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FIGURE 35.-Net-efficiency em-elopes against 1/ p, for propellers B, B" and C on 
nose 7 . 
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imilarly, comparing net efficiencies for the most 
complete cases, cowling 6 and 7, as given in fi gmes 34 
and 35, re pectively, it i again seen that propeller Bx 
is uperior over most of the range. Notice nlso the 
m arl 'ed improvement in the net efficiency of propeller 
Bx a compared with that of i t original form, B . Fig-
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3 and 6 with 7 next. ince no e 3 giye poor cooling 
at low air speed, it hOli ld not he considered on an equal 
basi. imilar 1'e liltS for propeller C are shown in figure 
37. This propeller i again less effi cien t than propeller 
n. Kotice in both nO'ures the very illferior effi ciency of 
nose 1. Figme 3 has been inchlded to how th e co t 
of the cooling air as obtained by the standard kirt 2. 
- --.---
- l ~r~l 
Coolinq oir, None NoZmal I 
Nose . 19 
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In figure 39 to 42 the propulsive efficiency 17 has been 
3/-
vlotted against l /-yPc for propellers B, Bx, C, and D. 
The envelope for each of the flye propellers are shown 
in figure 43. 1£ the definition of Pc is recalled, it nU1Y 
be noted that with a fixed hoI' epower and a fixed pro-
peller diameter the ab cis a mny be considered to rep1"e-
ent the air speed. 'With a 550-bor epower engin e and 
a 10-foot propeller, the absci a happens to giye the 
air speed in units of almo t exactly 100 miles per 11 0m. 
TIl e proplilsiYe efficiencies are compared at, say, 250 
mile per hour. They are: Propeller BX! 90.9 percent; 
B , 9.4 percent; the t\\'o-blade propeller D, 87.4 per-
cent; and propeller , 4.9 percent, or a range of 6 
percent. At lower speed the differences are still of 
concern although Ie s marked. It i of intere t to note 
that tLe peak efficiencies of all propellers tested i 
found at a blade angle of approximately 35°. 
The chart (fig. 43) is of value in demon trating the 
fact that the pre ent commonly used power plant of 
550 hoI' epower in combination with a lO-foot propeller 
could be u ed to be t advantage in the peed range 
220 to 300 miles per hour. A l ,OOO-hor epower engine 
used on the ame size propeller could be u ed to grea t-
est advantage at about 25 percent higher peed or in 
the range of 270 to 370 miles per hour . In order to 
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FWUIl'; 43.- Propulsh·e-efflciency envelopes agai nst 1/;;;;, ror propellers A, B, 13 , 
C, and D . 
of 200 mile per hour, an impracticably large propeller 
diameter is required. 
It also i of in terest to note that the two-blade pro-
peller D, employino' the ame blade a the three-blade 
propeller C, reache a considerably greater peal.- effi-
ciency. If 550 horsepower are used with both pro-
pellers, it i seen that the propulsive cfficien ies at the 
speed of 250 miles per hou r a rc, respecti,"ely, 7.4 a nd 
R4.9. This is a con, equenee of the fnet. tha t the eOI1 I-
monly used propcllf'r sections (l l"f' altogether ( 00 wide . 
l ( \\"a, found tllll( <II the eond itioll oJ peak efFiciency of 
the propeller, the actual or effective angle of attack 
amounts to only about 4° to 5°. I t can be hown that 
a narrower blade with a correspondingly higher efIee-
tive angle would be aerodynamicnlly more efficient. 
Vibration and flutter and other con iderations, how-
ever, prevent the l)ractical 1I e 0 [ uch a blade. 
Propellers B, C, and D all are Ie igned witll It COll-
t.ant blade angle for a setting of 12° at 0.75R. Pro-
peller Bx has a constant blade ano-le from O.GOR out-
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FIG Rf: 44. ' Power and torql1e churacterisUcs or an actual enS(ine used as an example . 
In fact, propeller Bx i identical to propeller B excep t 
for thi change in blade-angle di tribuLiOl1. The gain 
or almo t 2 percent in efficiency ob erved in fio-me 43 
demon tl'a tes the importa nce of employing a design 
blade angle adjusted to the proper flight condition. 
Notice also that this gain i not obtained at the expense 
£ decreased effi ciency in the lower speed range. Pro-
peller Bx happen to be superior to all the propellers 
te ted over the entire practical flight runge . 
The result of the te t o( propeller Band C in con-
j unction with six different cowling (fig. 36 and 37) 
illu trate the importance of the eflect of the cowling. 
Considering the somewhat fictitiou s case of the top 
speed attainable with the present na olle alone, it i 
obseITed in figure 36 that the comparative top speed 
range from 267 milo per hour for no e 1 to 295 mile 
per hour for no e 3. For propeller C (fig. 37) the com-
parative range i 262 mile to 28 mile. Although the 
differences between the cowlino' of reasonable de ign 
are fairly small, the inferiority of a design resembling 
nose 1 hould be kept in mind, thi no e being the cau e 
of a peed reduction of <1.1most 10 percent. 
TAKE-OFF CHARACTERISTICS 
Thr propr1lel' C'haracteri liC's aL lo\\' flil' sprecls llltly 
be obLained from Lll(' basie LesL rf'suiLs gi \ ' C'1l ill rigu re~ 
5 Lo 22. In order to IlHlkr full li se of this iuformulioJI 
- - -- ~-~ 
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FIGU RE 45.- 0 ptimum blade angle and thrust in the take-off range, engine speed 
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FllJ l' Hl!: 4(j . Optimu m blade anglo and thrust in Lhe Luke-o tr ra ngo, engine speed 
2,200 rovolutions per mi nute wi th a 3:2 gear red uction ra tio. 
in calculating the take-off distance for a given set of 
conditions, however, it is neces ary to present the data 
in a more direct manner. The optimum blade-angle 
setting corre ponding to the maximum available thrust 
at any particular air speed is of particular intel'6st. 
The actual differences in the take-off characteristics 
will be directly demonstra ted by the use of a particular 
example u ing engine characteristics as given in figure 
44 corresponding to those actually obtained on a 550-
horsepower engine. The engine speeds chosen are: 
2,000 revolu tions per minu te and 2,200 revolutions per 
minute, both with a 3:2 gear reduction ratio; and 
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F IGURE 47.- 0ptimum blade angle and thrust in the take-o fT range, engine speed 
1,800 revolu tions per minute " 'itb direct drive. 
The resulting blade-angle settings and thrusts in 
the take-off range obtained from charts in the appendix 
are presented in figures 45, 46, and 47. It is noticed 
in working through one of these examples that no par-
ticular optimum setting is reached; the maximum 
permissible engine speed is the limiting condition. 
Notice that propeller C is very superior to B or Bx in 
regard to take-off, particularly in the lowest speed 
range.4 The tbru t of the two-blarle propeller D is 
further seen to amount to a little more than two-thirds 
of that of tbe corresponding three-blade propeller C. 
Propeller Bx is noticed to be slightly inferior to propeller 
• This comparison is valid wben propellers o[ a constant diameter are being com-
pared, as would be the ease wben the propeller diameter is the limiting design [actor. 
Given a free choice of diamelerR, the comparisons must he made with a v iew to til e 
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n at speed 1e s than about 100 miles per hour. Notice 
the inferior thrust values of the 9-foot propeller E . 
Absorbing the same hoI' epower, this propeller is rela -
tively overloaded and should not be directly compared. 
The beneficial influence of increasing the propeller 
peed may be observed by comparing the results from 
the three figures. 
The results are, of course, strictly true only for the 
relative dimensions of the propeller and nacelle u cd in 
these parti ular experiments, a larger propeller thus 
calling for a larger nacelle, and vice versa. It is, how-
ever, known that the propulsive efficiency will be af-
fected very little by thi variation in relative dimen -
ion. The results may, therefore, be considered valid 
also for the case of different relative dimensions of the 
propeller in regard to the nacelle. 
As these propellers are fairly representative of com-
monly used types, it i possible by some exerci e of 
judgment to obtain a fairly rea onable e timate of the 
take-off characteristics also of any other propellers. 
GENERAL CONCLUSIONS 
1. Peak efficiency of the propellers tested occurs at 
a blade-angle setting of appro:ximately 35°. The 
difference in peak efficiency varies as much as 6 percent, 
demonstrating the value of selecting a good design, 
particularly in the high- peed range. 
2. The peak propulsive efficiency of the conven-
tionally dimensional units of 9- to 12-foot propellers 
on 500- to 1,000-horsepower engines ha been found to 
lie in the range of 200 to 350 mile per hour, showing 
the beneficial infl uence of higher air speeds 011 the pro-
peller. 
3. A two-blade propeller of the kind tested was 
found to be superior in efficiency (in the high-speed 
range) to a three-blade propeller using identical 
blades, the peak efficiency exceeding that of the three-
blade propeller by about 2 percent. 
4. A propeller equipped with a controllable hub 
how an almost negligible decrea e in efficiency as 
compared with the identical propeller with a standard 
hub. The difference is of the order of }~ percent, 
which is clo e to the limit of te t accuracy. 
5. In regard to the take-off 'Characteristic, the 
maximum permissible revolution speed is in all cases 
found to be the most favorable. The thl'ee-blade 
propeller is superior to the two-blade propeller using 
the same horsepower, which i to be expected. 
LANGLEY MEMORIAL AERONAUTICAL LABORATORY, 
ATIOI AL ADVISORY COMMITTEE FOR AERONA TICS , 
























LIST OF SYMBOLS 
Velocity of air tream 
Revolutions per unit time of the 
propeller 
Diameter of propeller 
Advance-diameter ratio of the pro-
peller 
Power supplied to propeller shafL 
Disk area of propeller 
Velocity head of air stream, 0 p V 2 
Unit di k loading or di k-loading coeffi-
cient 
Air density 
et forward thrust of the entire unit 
as mea ured on the thrust scale 
et efficiency 
Thrust 
Drag of the nacelle unit for the 
correspon ling air speed measlll'ed 
with the propeller off 
Thru t coefficient 
Power coefficient 
Torque coefficient 
Propul ive efficiency 
Torque of propeller 
Torque coefficient 
Thickness of blade section of propeller 
Width of blade section of propeller 
Radius to any blade section of propeller 
Radius of propeller 
Propeller blade-angle setting at 0.75 R 
Geometric pitch of propeller 
Speed-power coefficient 
Net propeller-nacelle efficiency with no 
cooling air 
--- -- ----
. ___ J 
~--! 
APPENDIX 
CHARTS FOR ELECTING PROPELLER DIAMETER 
The cbaractel'i tics of a propeller are given as a 
relation of three and only three variables; these val'i-
abIes may be given a 01', Op, F/nD. For geometri-
cally imilar prop ller tbe e quanti tie remain cou-
tant. Any otber tbree independent yariables may 
be selected, and the combination of Os, F /nD, and 7) 
i chosen because of certain advantages. ince only 
three quantitie are inyolyed, it is obviou ly po ible 
to giye a complete repre entation of the characteristic 
in a ingle contour chart. In erting values of the 
efficiency 7) against Os a ordinates and T-/nD a 
abscissas for variou blade-angle settings, connecting 
points of equal efficien ie and point repre enting 
O"iven blade angles, give a contour map containing all 
results. TillS type of chart is primarily useful in 
selecting the diameter of a propeller. It i taci tly 
as umed thn t the type of propeller ha already been 
cho en and that char t are available. It i interesting 
to observe that the contour line map a smoothly 
haped peak; no crowdinO" of the line occur. In the 
election of a propeller diameter thi type of cbart 
make it po ible to judge the effect of cbange by 
observing how tbe repre cntative point move with 
1'(' pect to the efficiency peak. 
Chart I give tIl e re ult for the three-bbd e pro-
peller B, the modified vel' ion B" C, and the two-blade 
propeller D. The chart are applicable to con trollable 
propeller allowing for 1/2 percent decrea e in effi -
ciency by a ligh t incr a e in the diameter. 
PROCEDURE FOR THE SE OF CONTO R CHARTS FO R SELECTI G 
I'ROPELI.ER DIAMETERS 
Given: Horsepower P, revolutions pel' second n, 
airspeed V, and density p. 
Calculate: 
Os= V~ ~L2 
(1) For a controllable-pitch propeller, elect the 
point of maA-imum efficiency at this value of Os. (The 
efficiency envelope i how]) by a curve on tbe chart.) 
Read off angle etting and V /nD, the latter giving the 
value of D.l 
Examples are hown on the particular charts . 
(2) For a fixed-pi tch propeller the selection of the 
blade-angle setting i a matter of compromise. It i 
nece sary to choose a blade angle that show peak 
efficiency at a somewhat smaller value of Os than the 
one calculated for the flight condition. The choicr 
depends on how much efficiency i to be sacri·fLced at 
the high- peed condition in order to improye the take-
of!'. It is therefore nece ary to 1'e ort to the imultan-
eou use of chart O"iving the take-off characteristics. 
I 1 oLice that the hlade·angl~ sellin!( in Lhe charts is tbe true selti ng aL the operating 
condition. Tbe results presented are free from compr~ssibility eHecls and tWist of 
blade due to air loads and the eITect of the cenLifugal force. Tbe bJado twist can be 
estimated and allowed (or. 
28 
CHA RT S FO R THE TAKE-OFF CO D IT ION 
In the determination of the diameter of a propeller, 
consideration mu t be given also to the condition of 
take-off. It is desirable to kno\\- the thrust in order to 
calculate the take-ofY distance. For the controllable-
pitch propeller, the determination of the minimum 
blade-angle etting i of interest. For the fixed -pi tch 
propeller, the etting i a matter of balancing the per-
formance at high speed against that at take-oft". It will 
probably be nece ary to study two or three blade-angle 
settings in order to arrive at a specific result. Chart 
for determining the take-off thrust, based on the I'e ult 
of this investigation, are given in chart n as supple-
ments to char t I already described. Th e chart, 
which have been developed along similar line, show 
contour curve of constfi.nt thrust ancl con tant blacl e-
angle setting against the coordinate Tr/n D and 1/ ... Q<= 
I pD3 1 . . V-Y Q' the atter quantIty repre entlDg a torque 
coefficient; the actual engine torque Q is, a u ual , 
considered to be a constant. Re lilt are giyen in 
charts II. 
P R O EDU R E FO R T H E SE OF CHA RT S ON TAKE-OFF 
Cli ARA CTEnISTI CS 
(1) Controllable-pitch propeller. 
Given: Engine torque Q, propeller diameter lJ , 
revolutions per econd 11, and air peed 1'. 
Calculate I j.,iQc ancl "\ 'In D. 
Read off from the chart 01'/00 = TD/Q and the blade 
angle. For constant n the whole range of air peed i 
given by a traigh t line through thi point and the origin. 
Plot thru t and blade angle again t air speed (a in fig. 
45, etc.). 
(2) Fixed-pitch propeller 
Calculate 1/.J7E. and V /nD. 
Make a choice of blade angle and read from the chart 
the related values of 01'/ 0 and l / , 'Qc. Plot thru t 
again t air speed for thi blade angle. If the re ulting 
take-off thru t i found to be inadequate, choo e a lowrr 
blade angle and repeat the procedme ; or vice vel' a. 
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CUART I (bl.-Characteristics of three·blade propeller n,. IJamilLon·Standard l C l-o (modifledl. Example (shown by circlel- Gi\-cn: P=550 
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CHAR'!' I (O).-CharacLeristics of tbree·blade propeller C. Tavy plan form 5868-9. Example (shown by circle)- Given: P~550 horsepower; n~21 
revoluLions per second; V=200 miles per hour. Result: 1I~28.3°; ~~O. 55; D~ID. 18 feeL . 
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CHART I (d).-Characteristics of two-blade propeller D. Navy plan form 5868-9. Example (sbown by cir cle)-Given: P~550 horsepower; n~2j 
revolutions per second; V~200 miles per hour. Result: .6= 25°; ~~O.865; D~l1.50 feet. 
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OUART II (a) .- Take-olI characteristics Cor three-blade propeller B. Hamilton-Standard 101-0. 
f.4 
Blade angle of 0. 75R , 45° 40· 35" 
II 1/ 
7 / 30.· 
II / V 
2. / / V 
-
1.2 
II k:::'" ........ f.--- '- 25· 
17 / ? .,.....-
"7 /V .,.....-1.0 
/ I / / "/ v 
1/ r/ /" 
1/ II 1/ / V 6 1..--:; V 
/ / r/ V .8 
lLiI / 20· _ IS· 
/V 1/ / ,7 V --I-- f.--,-
,Cr/ CQ jl '/ r~ 1/ 
d ___ 
I--f-
/1/ V, ~ IA ~ ..... V .6 
j 'I V/ V2 V V 
V/ f/,r;, ./ V 
/ 'f/ f'l'J. '/ V 
II/ 'I, lY' If /" .4 
lVI, W I ~ V 
I/~ W / V 
W}, '/ 




a 2 4 6 8 10. 12 14 
If, Qc 





REPORT NO. 594-NATIONAL ADVI SORY COMMITTEE FOR AERONAUTI CS 
Blade ongle of O. 75R . 45~ 1/40' 
17 
1/35' 













1//l&V,.;i /1,/ V f-I---~ ff/'~ 7 V 
2 4 
I II IV 
I / L./ 





\ i I 
, , . 
1 I 
12 14 
CHART II (c).-Take-otf characteristics for three-blade propeller C . Navy plan form 5868--9. 
Blade anqle of 0.75R , 45' V 35· 
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TABLE I .-FAIRED VALUE FOR NOSE 6, PROPELLER B 
Set 15° at 0.75R Set 20° at 0.75R Set 25° at 0.75R Set 30° at 0.75R 
Cs CT Cs CT Cs CT Cs 
0.0529 0 0 0.1323 0.1140 0 0 O. 1529 0.1563 0 0 0.1598 0.2074 0 0 
.0529 .113 . 09 1299 .107 .060 .08 .1492 .1522 .049 .07 .1 2 .2051 .039 .07 
.0529 .217 I 12 .1009 .128 16 1477 .1 510 .09 15 .1566 .2030 .077 .14 
.0527 . 314 .27 .1272 .0948 .201 .24 1459 .1494 146 .22 .1550 .2007 . I 16 .21 
.0522 .402 .36 .1 253 .0897 .280 .32 .1442 .1474 .196 .29 . 1535 1982 155 .28 
.0516 . 479 . 45 .1231 51 . 362 .4 1 .1427 . 1451 .246 . 37 1519 : 1959 194 .35 
.0505 .546 .54 1204 .0812 .445 .50 .141 1 .1425 .29 .44 1502 .1933 .233 .42 
. O~ 7 .610 .64 . 1169 . 0782 .523 1395 .1397 .350 . 52 . 14 7 1908 .273 . 49 
.0463 .665 . 74 1120 .0760 .590 .67 . 1380 .1363 .405 .59 .1470 I I .312 .56 
.0432 .715 <I 1053 .0741 .640 . 76 .1365 .1326 .463 .68 .1454 .1 -3 . 353 .63 
.0398 .756 .95 : 0982 .0719 .684 5 1350 .1285 .525 .76 .1440 . 1824 .395 .70 
.0358 .7 6 I. 07 .0907 .0691 .722 : 94 1322 . 123 4 .1423 1794 .436 .7 
.0313 00 l. 20 .0827 .0657 . i55 1.03 .1272 .11 7 .644 .92 . 1408 .1761 .480 5 
. 0260 00 I. 35 .0743 .06.[5 .7 5 1.13 1202 .1133 .690 1. 01 . 1391 .1721 .525 .92 
.0201 .777 1. 53 .0656 .0567 .810 1.2<1 1125 1082 .72 I. 09 1377 1686 .572 1.00 
.0131 .710 I. 79 .0565 .0510 30 1.36 1044 : 1028 . 762 l. I : 1357 .1643 .620 1.0 
.00t? .272 2.34 .0<172 .0446 .846 I. 49 . 0960 .0970 .791 1.2 1326 .1594 .665 I. 16 
---------- ---------- --------
.0377 .0376 .852 I. 64 . 0 70 .0910 12 I. 37 .1275 .1537 .705 I. 2<1 
--------- ---------- --------
.0282 .0300 46 1.81 .07 .0 47 .837 I. 48 . 1207 .1466 .740 1.32 
---------- ---------- --------
.01 2 .0215 05 2.05 .0688 .0775 .845 I. 67 .1135 .1400 .770 1. 41 
--------- ----- ----- --------
. 0080 .0125 .640 2.42 .0595 .0695 56 I. 71 .1060 .1324 00 1. 50 
---------- ---------- -- -----
-.0018 .0020 3. 5 . 0500 .0600 74 I. 84 .09 0 . 1250 : 823 1. 59 
---.------ ---------- -------- ---------- ---------- ---- ----- --------
.0400 .0502 76 2.00 .0896 .11 71 .841 1. 69 
---------- ---------- .------- ---------- ---------- ---------- --------
.0297 .0392 71 2. 20 .0 10 .1085 . 859 l. 80 
~---------
---------- -------- ---------- ---------- ---------- --------
.01 9 .0275 .825 2.46 .0719 .0990 .870 1. 90 
.- --------- --- .. ------- ---------- ---------- ---------- --------
.0080 .0145 . 745 2.91 .0624 .0880 .885 2.03 
--- - ------ -- ---- ---- -------- ---------- ---------- ---------- --------
-.0028 .0015 3.62 .0527 . 0769 .891 2. 17 
---------- --------- - -------- ---------- ---------- --------- - -------- --------- . ---------- ---------- --------
.0430 .0650 .893 2.33 
-- - ------- ----- ----- -------- --- ------- ---------- ---------- -------- ----------
-------_._-
---------- --------
.0327 .0514 90 2.54 
---------- -------- --------- ---------- ---------- ---------- -------- ---------- ---------- ---------- --------
.0225 .0380 58 2.79 
.---- --.-- ---------- -------- ------ --- ---------- -----'----- -------- ---------- ---------- ---------- -------- .0124 .0231 . 806 3.18 
---------- ---------- -------- ---------- ---------- ------ ---- -------- ---------- ---------- ---------- --------
.0020 .0080 .387 4. 07 
---------- ----- ---- -------- ---------- ----------
-_. 
------ ------ ---------- ------_.-- ---------- -------- ---------- ---------- ---------- -.-------
34 REPORT NO . 594-NATIONAL ADVI SORY C011MITTEE FOR AERONAUTI C 
TABLE L- FAIRED VALUES FOR NOSE 6, PROPELLER B- Continued 
Set 35° at 0.75R Set 40° at 0.75R Set 45° at 0.75R 
V/nD 
Cr Cp ~ CS Cr C" ~ Cs Cr Cr ~ CS 
---------------------------------------
0 0. 1635 0.2695 0 0 0.1643 0.3324 0 0 0.1576 0.3868 0 0 
. 05 .1629 .2662 .03 1 .07 .1640 .3291 .025 .06 . 158 1 . 3842 .021 .06 
. 10 . 1617 .263 1 .062 . 13 · 1637 . 3260 . 050 . 13 . 1585 .3 17 .042 .1 2. 
. 10 
· 1606 .2600 .093 .20 . 1633 .3228 . 07(; .19 .159 .3792 .063 . 18 
.20 . 1593 .2567 . 124 .26 . 1628 .3197 .102 .25 · ] 592 .3767 .685 .24 
.25 . 1583 .2535 .156 . 33 . 1624 .3164 . 128 .32 .1.)96 .3742 . 106 .30 
. 30 · IS70 .2501 .1 .40 . 161 .3132 . 1,) .1 .3 . 1599 .37 17 . 12g .37 
.35 · 1557 .2167 . 22 1 .46 . 1613 .3100 .182 .44 . 1002 .3693 .152 .43 
.40 . 1543 .21:32 .254 .. 53 . 1607 .3067 .210 .51 . 160,5 .3667 · 175 .49 
.45 · 1130 .2396 .288 .60 .1600 .3033 .2:18 . . 57 . 1608 .3f>40 .199 .55 
. . ;0 · 1517 .2360 . 322 .67 . 1593 .3000 .2[;6 .64 · 1607 .36 14 .222 .fil 
.M . 1502 .2323 .356 . 74 . 1585 .2963 .294 .70 · 160.5 .3S86 .246 .68 
.60 .1<190 .2285 .391 I · L577 .2927 .323 .77 . 160 1 .3557 .270 .74 
. 65 · 1475 .2245 . 427 . 88 .1566 .2890 .352 .83 . 1596 .3527 .29'1 .80 
.70 . 1462 .2205 .464 .95 · 1554 . 2853 .381 .90 . 1588 .3499 .31 .86 
. 75 · 14 '15 .2165 .500 1. 02 .1542 .28 13 .4 12 .97 · 157i .3466 .341 .93 
.80 · 14 27 .2121 .538 I. 09 .1527 .2770 .44 1 1. 0:3 . 1565 .3434 .3M . 99 
5 · 1405 .207 .575 I. 17 .1510 .2730 .470 1.10 . 1550 .3400 .38 I. 05 
. 90 · 1375 .2028 .610 1.24 · 1492 .2683 .500 1. 17 .1538 .3362 .4 1L I. 12 
.9) 
· 1345 .1982 . 645 I. 31 .1470 .2 134 .530 1. 25 .1522 .3324 .435 1. 19 
1. 00 . 1317 . 1940 .67 I. 39 .1445 .2- 0 .560 1. 31 . 1.;07 .3277 .460 1. 25 
1. 05 . 1290 . 1895 .715 I. 47 .14 1 .2530 .589 1.3 · 1490 .3232 .484 1. 32 
1. 10 . 1255 · 1841 .750 1. 54 · L392 .2190 .615 1. 45 · 11175 .3183 .5 10 1. 38 
1. 15 . 1202 · 1777 .779 1.62 . 1372 .2 155 .643 1. 52 · 1460 .3135 . 536 1. 45 
l. 20 · II to .1700 .804 1. 71 · 1355 .2:28 .670 l. 59 .1443 .308 .560 1. 52 
1. 25 · 1067 . 162·1 20 1. 80 · /3'10 . 2 ,00 .69 1. 66 . 14 28 .3052 .585 1. 59 
1. 30 .0993 . 1533 .842 1. 89 . 1324 .2360 .730 I. 74 · 1412 .3015 .6 10 1. 65 
1. 35 .09 13 · 1440 .855 I. 99 .1300 .2310 .760 l.SI .139 .2990 .631 1. 72 
1.40 .0830 · 1340 .867 2. 09 . 1267 .2255 .796 1.89 . 1385 .2964 · r,55 1. 79 
1. 45 .0750 . 1210 76 2.20 .121 5 .2185 .805 1. 96 · /371 .2948 .675 1. 85 
1. 50 . 06 . 1117 . 884 2. 32 · U 57 . 2103 . 825 2.05 . 1360 .2925 . 698 I. 92 
1. 55 . 0570 . 0990 . 893 2.46 . 1090 .2010 .84 1 2. [3 .1348 .2904 · ;20 1. 9 
l. 60 .017 .0%0 .900 2.62 . 1020 .1910 .855 2.23 . 1339 .287 .745 2.05 
1. 65 .03 5 .0712 .892 2. 0 .0940 .1790 66 2.32 .1324 .2845 .767 2.12 
1.70 .0288 .0558 . 876 3.03 . 058 . 1670 .873 2.42 . 1303 .2805 .790 2.20 
L 75 .0195 .0400 53 3.33 .0770 . 1540 . 875 2.54 .1270 .2760 .805 2.27 
1. 0 .0100 .0237 : 760 3. 0 .06 5 . 1400 . 8 I 2.66 .1220 .2690 . 816 2.34 
1. 5 .0007 .0078 . 166 4.88 .0;;95 .1240 .88 2.8 1 .1160 .2590 .829 2.42 
1.90 
- ----- ---- ------ ---- ----. -----
.-.-.--.-- .0500 .1 0 0 0 2.96 . 1095 .2480 .839 2.51 
1. 95 
---. - ----- --- -_.-. -- ---------- -------. --
.OUO .09 15 74 3.14 . 1030 .2353 55 2.60 
2.00 
---------- --- ----.-- --------- - ----------
. 0320 .0745 .860 3.36 .0950 .2220 .855 2.70 
2. 05 
- - - - - - -.-- ---.---.-- ----.----- -------.--
.0230 .0575 10 3.63 .0876 .2080 .863 2.80 
2.10 
- --------- -------.-- ----- - _.-- - - --_.- . -. 
.0147 .0400 .77 1 4.00 . 0800 .1920 74 2.92 
2.15 
-- - .-- - - -- -------.-- -------.-- -------- - -
.0058 . 0220 .566 4.61 .0714 .1750 77 3.05 
2.20 
------ - - - - .------.- - ---._- --- - -------_. -
-.0025 .003 
- ---.-----
6.70 .0632 .1580 .880 3.18 
2. 25 
------ ---- ----- ----- - --._ . ---- -- _.---.-- --------- - -- - ------- - -- - - --.-- ---- - -- ---
. 0550 .1400 .883 3.30 
2.30 
-- - --- ---- ------
-
- ----- ----- - -- -- --.-- --------- - -------~- - ~---- - - -- - - - - - ------ .0'170 . 1230 .87 3.50 
2.35 
---- ------ ----~~---- -- -- - -- --~ -- ------- - -------- -- ------- --- --- - --- - -- -- -------- 0387 .1050 67 3.69 
2. 40 
---------- -------.- - - -- ------- ---------- ---------- --- ----- -- --- ------- - - --------
.0305 .0870 42 3.91 
2.45 
- - - - - - - - -- ---------- ----- ----- ---------- ----- ----- ------ -.-- -- -------- -- --------
.0228 . 0688 .812 4.18 
2.50 
- - - - - ----- ---------- ----- - ---- ---------- --------- - --- --- ---- ---------- - -- -------
.0150 . 0505 . 742 4. 53 
2.55 
--- - - - ---- ------- --- ---------- -------- -- --------- - ---- ------ ---------- ------- -- -
.0070 . 0320 .558 ~.8L 
2.60 - - -------- ------ ---- --
--- --------- ----------
----- - ---- --------
- ---- ------[ -. 0005 .0140 .----- ---- 6.10 
I 
L 















































































--- - --- ---
TABLE H.-FAIRE D VALUES FOR NOSE 7, PROPELLER Bx 
Set 15° • t 0.75R Set 25· at 0.75R Set 30° at 0.75R 
Cs CT Cs CT Cs 
0.04 0 0 0 0.1240 0. 13 0 0.13 I 0. 1 2 0 0 
.0483 117 .09 12"9 1375 .046 .07 1380 I 02 .03 .07 
.04 5 .224 .18 1275 1360 .094 15 . 137 . 1778 . 07 . 14 
.04 5 .323 . 27 12 9 1340 144 .22 1373 . 1751 II .21 
. 0482 .4 11 .37 . 1298 1322 : 196 .30 1370 . 172 159 .23 
.0478 . 487 . 46 . 1304 1298 . 251 .38 1365 . 1705 .200 .36 
.0468 .556 .55 . 1307 1270 . 308 . 45 1359 . 1681 . 242 .43 
.0452 .617 .65 . 1305 . 1240 .368 . 53 . 1350 . 1660 .2 4 . 50 
.0430 .670 .75 1300 . 1200 . 433 .61 . 1340 . 1638 32 .58 
. 0405 .7 11 5 . 12 5 . 11 55 .501 .69 . 1330 1620 .369 .65 
.0375 . 7'10 .96 . 1259 . 11 00 . 572 .7 . 1315 1596 .4 12 . 72 
. 033 .760 J. 08 . 1222 .1060 .634 .86 .1305 1570 .457 .80 
. 0293 . 775 1. 21 . 1170 .1022 .687 .95 . 1295 1535 .506 .87 
.0240 .761 1. 37 11 02 .0993 . 722 1.03 .12 9 1487 .564 .95 
.0180 . 705 1. 56 1030 .0960 .752 1.12 . 1277 . 1 '~1 0 .620 I. 03 
.0125 .522 l. 80 .0954 .0921 .777 I. 21 . 1258 .1390 .679 l. lI 
.0021 2.75 .0873 .0 77 .796 I. 30 .1222 . 1343 .728 l. 19 
----- ._--- - - -------- .--------- .0795 .0 25 . 819 I. 40 . 11 70 .1292 .770 I. 28 
------- --- - - -------- .--------
.0710 .0761 40 I. 51 . 11 05 . 124D .802 I. 37 
------- - -- ---------- .---------
.0620 .0692 50 I. 62 . 1040 . lI S7 .832 1.45 
------ --- . ---- -----
.0530 .0614 : 863 I. 75 .0960 11,10 ;;0 I. 55 
---- --- -- ------ --
.0433 .0525 .865 I. 89 .0 79 1070 62 1.64 
--.---. .-- ----- -- .0330 .0425 .854 2.07 .0797 1008 . 870 1. 74 
--------- .---------
.0225 . 0320 0 2.29 .0713 .09:17 75 J. 5 
--_._---- .--------- .0 11 8 .0195 .727 2. 64 .0630 .0 50 .SS9 J. 96 
_.-
----- .-------- - .0005 .0065 . 096 3.42 .0540 .0750 . 900 2. 10 
--------- . ------.-- -------- -- ---------- ----- --- - --- ----- --
.0447 . 0645 .901 2.25 
-- --- ---- ---------- ---------- ------- --- ---------- --------- ----- --- -
.0348 .0522 .900 2.43 
-- ------ - ------- -------- ---- -- - -- . --.--- --
.0250 .0400 .875 2.66 
-.- ------ - --------- --------- ---- ----- --------- - --- ------ ------ ----
.0150 . 0273 . 797 2.98 
--- ------ - --------- - -------- ------ -- - ---------- - --- ------ ----------
.0050 .0150 .500 3.47 
-- -------- ---------- .--------- --------- - ---------- ---------- ---- -----
-.0050 . 0018 5.50 
- --- --- -- - ---------- .--------- -- --- ----- ---- -- --- --- - ------ --------- .-------- ----- ---- - - - .-------
. - - - . --- --
- --- ------ ---------- -- ------ -- ---------- --.-- - ---. ---------- ---------- ---- ----- ------- -- - - - ---- ---- ----------
---------- ------ --- --- ------ - ---------- --- ------ - -- -- ------ ---------. --- - --- --- --- ------- ---- ------ ---- -- - ---
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TABLE II.- FAIRED VALUE FOR 0 E 7, PROPELLER Bx-Continued 
Set 35° at 0.75R Set 40° at 0.75R Set 45° at 0.75R 
V/lID 




0 0.1515 0.2468 0 0 0.1492 0.2970 0 0 O. 14 56 0. 3490 0 0 
.05 .1508 . 2440 .03 1 .07 1490 . 2930 .025 .06 .1460 .34 0 .021 . 06 
.10 .1500 .24 10 .062 . 13 .1484 .2890 .051 .13 . 1462 .3465 .042 .12 
.15 .1490 .23 1 .094 . 20 .14 0 . 2850 .078 .19 . 1465 .3450 . D64 .19 
.20 .14 0 . 2351 . 126 .27 .1473 .2 10 . 105 .26 .1468 . 3435 .06 .25 
.25 .1470 .2292 .160 .34 . 1470 .2773 .133 .32 . 1470 .3420 .107 .31 
.30 .1460 .2263 .194 .41 .1463 .2734 .161 .39 .1470 .3405 .129 .37 
.35 ]44 . 2233 .227 .47 .1457 .2695 . 189 .46 . 1470 .3385 .152 . 44 
.40 .1435 .2202 .260 . 54 .1450 . 265 . 217 . 52 .1470 .3370 . 175 .50 
. 45 .1423 .2170 .295 .61 .1443 . 2625 .24 .59 . 1470 . 3350 .197 .56 
.50 .1410 .2140 .330 . 6 . 1435 . 2590 .278 . 66 . 1470 .3330 .221 .62 
.55 .1397 .2105 . 365 . 75 .1429 .2560 .307 .72 .1470 .330 .244 . 69 
.60 .1382 .2074 .400 2 . 1420 .2530 .337 .79 .1468 .3283 .268 .75 
. 65 .1365 .2040 . 435 9 .1410 .2500 .367 . 86 .1464 .3255 .292 I 
. 70 . 1348 .2004 .470 : 97 . 1400 .2472 .397 . 93 .1460 . 3220 . 31 
.75 .1333 .1972 .507 1. 04 .1390 .2445 .427 1.00 · 1455 .31 5 . 343 .9,1 
0 . 1325 .1944 545 1.11 .1 3 0 .2420 .456 1. 06 · 144 .3 148 .368 1.01 
5 . 1325 .1920 .5 6 1.18 . 1368 .2400 . 485 1. 13 · 1440 .3110 .394 1. 07 
:90 .1330 .1 97 . 630 I. 26 . 1353 .2378 . 512 1. 20 .1429 .3075 .418 1. 14 
. 95 . 1325 . 1 55 .679 1. 33 . 1338 .2356 .545 1. 27 .1 41 5 . 3043 .441 1. 21 
1.00 .1315 .1800 .730 1. 41 . 132 .2335 .569 I. 34 · 14 01 .3013 .465 1.28 
1. 05 .1293 . 1 00 . 754 1. 48 .1325 .2317 .601 1. 41 . 1384 .29 5 .487 1. 34 
1. 10 .1250 . 1740 .791 1. 56 . 133 1 .2300 .637 1.4 .1370 . 2960 .510 1. 40 
1.15 .11 1 .1670 13 1.64 .1334 .2282 .671 1. 55 . 135 .2938 .532 1. 47 
1. 20 .1L10 .1600 .833 1.73 .1335 . 225 .710 1. 62 .1 350 . 291 .555 1. 53 
1. 25 .1033 . 1525 46 1. 2 .1330 .2215 .750 1. 69 · 1343 .2901 .5i 1. 60 
1. 30 .0955 . 1445 .853 1.92 . 1310 .2163 . i8i 1.77 .1340 . 2 89 .603 1. 67 
1. 35 .0870 .1360 64 2. 01 . 1270 .2105 .815 1. 4 .1343 ? 0 .629 1.73 
I. 40 .07 5 .1 260 72 2.12 . 1213 .2044 0 1. 92 .1349 . 2875 .655 l. 0 
I. 45 .0698 .1147 1 2.24 . 1150 .1976 .844 2.00 .1359 .2 70 6 l. 7 
1. 50 . 0610 .1023 . 895 2. 36 .1086 . 1900 .857 2.0 . 1365 .2 58 .717 1. 93 
1. 55 .0520 . 090 .905 2.51 .101 . 1820 . 866 2.1 · 1365 .230 .747 2. /)Q 
1. 60 .0428 .0745 .918 2.69 .0940 .1730 70 2.2 .1353 .2783 .777 2.07 
I. 65 .0333 .0600 .915 2.89 .064 .1620 0 2.38 .1324 . 2723 01 2. 14 
1. 70 .0230 . 0450 69 3. J6 .0785 .1500 90 2.48 . 12 0 .2650 .821 2.22 
1. 75 .0135 .0290 14 3.56 .0700 .1367 96 2. 60 . 1225 .2575 .832 2.30 
1.80 .0040 .0123 . 585 4.33 .0620 . 1225 . 911 2.74 · 11 67 .2495 .842 2. 3 
I. 5 
------ - -.- ----- ----- --._ ------ -- - -- --.--
.0530 . 1080 .908 2.89 .1100 .2400 . 848 2. 46 
1.90 
- ------ --- - - ----- --- .--------- - --- ------
. 0'~40 .0930 . 9OD 3. 05 . 1030 .2282 58 2.56 
J. 95 
- - - - - -- - -- .----.---- -- ----- - - - -- _. - - ---- .0350 .0782 .873 3.24 .09W .2150 62 2.66 
2.00 
--- - - -- --- -------- - - -- ---- -- -- -------.--
.0260 .0630 .825 3.4 .0 70 .2010 .865 2.76 
2. 05 
----- -- --- ------ ---- -- ----- - -- -------.--
. 0170 .0465 .749 3. . 0790 .1 53 74 2.87 
2. JO 
-- --- ----- ---------- .--------- ----------
.007 . 0270 . 607 4.32 . 0713 . 1700 0 2.90 
2.15 
- - - - ------ -------- - - -- ---- - --- -------.--
-.0013 . 0060 
----- --- --
5.99 .0632 .1 535 6 3.13 
2. 20 
-- ---- -- -- --- - ---- -- --- - ------ - - -------- ----- --- -- ---------. ---------- ----- -----
. 055<1 . J380 3 3.27 
2.25 
- - --- ---- - --- -- --- - - - - -------- .--------- --- - - - ---- ---------- ------ -- - - ------- - --
.0470 . 1205 79 3.44 
2.30 
--------.- ------ ---- --.------- ---------- ----- - ---- ---------- - --- - ----- ---- ----- -
.0393 . 1040 .870 3.62 
2.35 
--- ---- --- -------- -- ---------- - - -------- ------- - -- --- - ------ - - - ------- - - -- -- - - --
.0310 .0870 . 836 3 . 2 
2.40 
---------- --------- - ---------- -- ---- ----
_ .. ------- ---------- --- ------- ---- _. _- --
.0231 .0695 . i9i 4. 09 
2.45 
----
~ . ._._------ ---------- ---------- ---------- ---------- .-- - ---- -- ------ -- - -
. 0150 . 0500 . 735 4.45 
2.50 ~ ~ 
---------- ---------- --




.0070 . 0295 .593 5.0.5 
2. 55 -- _.- ~~ ._---.---- -------- ----- -- --------- --------- - ---------- _._----- -- -.0010 .0095 --.---- - -- 6.4 
L~_ 
CHARACTERI TI CS OF SIX PROPELLERS I JCLUDI G THE HIGH- PEED RANGE 37 
TABLE IIL-FAIRED VALUES FOR OSE 6, PROPELLER C 
Set 150 at 0.75J~ Set 200 at 0.75R Set 250 at 0.75R Set 300 at 0.75R 
F inD 
CT ap as a,· Cs CT Cs a,· Cs 
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--- --- .-- -






. - ------- -
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.---- -- - --
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0 0 0.1514 
.110 .09 .1492 
.212 .18 .1465 
. 306 .27 .1433 
.391 .36 . 1397 
.467 .45 .1352 
.535 .54 . 1306 
.593 .63 .1252 
.643 .72 .1 193 
.6 .82 . 1129 
.732 .93 1060 
.770 I. 04 :09 5 
.802 l.lB .0905 
10 I. 30 .0 18 
00 1. 46 .0729 
.755 1.67 .0635 
. 604 I. 99 .0542 
2.82 .0447 










---------- ---- ---- - -- -- - ----
--------.- -------- -- --------
---------- ------- - -- - -------
--_ .. _----- ----_.-- ----------
---------- -------- -- --------
---------- ----_.- - ----------
----------
----_. _- --- - ------
------ - --- ---- - --- - - -- ------
---------- --- - ---- --- - ------
- - -------- - - ------ -- -- ------
-------- -- -------- -------- --
0.0856 0 0 0.1469 
.0857 .0 7 .08 . 1486 
. 0858 . 170 . 16 .1499 
.0 57 .251 .25 .1510 
.0 53 . 328 .33 . 1520 
.0848 . 399 .41 .1529 
.0840 .467 .49 .1534 
. 0831 .528 .5 .1 53 
.0819 .583 . 66 .1538 
. 0804 .632 . 75 .1 529 
.0786 .675 3 . 1505 
0764 . 710 .92 1452 
. 0732 . 743 1. 01 .1378 
.0691 .770 l.ll . 1297 
.0643 .793 I. 21 .1212 
.0586 .812 I. 32 . 11 26 
.0523 .829 I. 44 1037 
.0455 . 835 1. 5 .0943 
. 0380 .828 1.73 .0849 
.029 . 8 10 I. 92 .0757 
.0200 . 765 2.20 .0662 
.0090 .510 2.69 .05.17 
----.----- -------- -- -.------
.0454 
------ ---- -- -~--- - -- -- --- --- .0350 
- - -------- ---------- --------
.0250 




---------- ---- ------ -------- ----------
------- --- ---------- -------- --. -------
---------- ---------- -- ------ ---- -- ----
---------- ---------- ---- -- -- ----------
----.--- -- ---------- -- -- ---. ----------
----------
- -- _ .. _-- - -- ----_. ------- -- -
---------- ------.- -- -- ------ ----------
----- - ---. ---------- -------- ------- - --
0.1742 0 0 0 0 0 0 
.1668 .045 .07 .1709 .220 1 . 039 . 07 
.1610 .093 .14 .1692 .2173 .07 . 14 
.1 556 146 . 22 . 1678 . 2144 .) 17 .20 
1505 .208 .29 . 1662 .2Ll4 . )57 . 27 
. WiD .262 .37 . 1648 .2083 19 .34 
.1414 .325 .44 1635 .2050 . 240 .41 
.1373 .392 .52 1622 .2017 .282 .48 
.1338 .460 .60 .1610 .1982 .325 .55 
.1307 .527 . 68 . 1599 . 1947 . 370 .62 
. 1282 .587 .76 .1588 .1910 .414 .70 
.1258 .635 4 .1578 .1974 .465 .77 
. 1230 .673 .91 .1570 . 1840 . 512 .84 
.1194 .705 .99 1562 . 1 04 .563 .92 
.1155 . 735 .1.0 .1554 .176 1 .617 .99 
. 1110 .752 1.J6 .1532 . 170 .673 l. 07 
. 1062 .78 l. 25 . 1454 . 1649 .705 I. 15 
. 1003 .800 l. 34 .1369 1589 .733 I. 23 
. 0940 .813 l. 45 12 6 : 1528 . 760 1. 31 
.0868 .829 l. 55 .1201 .1461 .781 l. 39 
.0788 .840 l. 67 .1117 1397 .800 I. 48 
.0693 . 844 I. 79 . 1031 : 1329 . d15 l. .17 
.0586 . 852 l. 94 . 094 .1256 .830 l. 67 
.04 0 39 2.11 . 0 62 .1175 44 1.77 
. 0364 .825 2. 33 . 0770 .1090 4 I. 87 
.0240 .7 I 2.64 . 0679 1000 49 1. 9 
.0118 .51 3.16 . 0577 . 0 I : 85l 2. 11 
-- -------- ---- -----+ ----- -- - .0472 .0752 .845 2.26 
------- - -- -------- -- --------
.0365 . 06 12 . 8~5 2.45 
- --------- ---------- ------- -
.0265 .0470 .81 2.67 
---------- ------ -- -- --------
.0159 .0327 .730 2.98 
.-------- - -- - - - - --- - --- -- - -- .0068 .0184 .572 3.45 
----- ----- ---------- -------. 
-.0047 .0040 4. 3 
------- --- ---------- -------- -- -- ------ -- ---- ---- ----------
--- ------- ---------- -------- ---------- -------- -- ----_.---
38 REPORT NO. 594- JATIOr AL ADVISORY COMMITTEE FOR AERO AUTI CS 
TABLE III.-FAIRED VALUES FOR OSE 6, PROPELLER C-Continued 
S t 35° at 0.75R Sct 40° at 0.75R Sct 45° at 0.i5R 
IF/nD 




0 0 0 0 0 0 0 0 0 0 0 0 0 
.05 .1770 .2728 .033 . 06 .1725 .332-l .026 .06 .1663 
· a937 .021 .06 
.10 .1757 .2699 .065 .13 .1730 .3320 .052 . 12 . 1670 .3925 .043 .12 
. 15 . 1723 .2665 .097 .20 .1733 .3313 .079 .19 .1677 . 3911 . 06\ .18 
.20 .1702 .2630 .130 .26 .1737 . 3302 .105 . 25 .1682 .3900 .086 .24 
.25 .1680 . 2592 .162 .33 .1738 .3288 .132 .31 .1687 .3886 .109 .30 
. 30 .1659 · ~552 .195 .39 .1739 . 3270 . 160 . 38 . 1692 .3 71 .131 .36 
. 35 .1638 .2510 .228 . 46 .1738 .3249 .187 .44 .1697 .3 57 .154 ,42 
,40 .161 .2467 ,262 , 53 ,1737 ,3226 .215 ,50 . 1700 ,3840 . 177 . 4 
.45 ,1600 ,2422 ,297 ,00 . 1733 ,3199 .244 ,57 , 1702 .3821 . 200 .55 
.50 ,1582 .2377 . 335 .67 ,1728 ,3170 ,273 .63 .1704 .3806 ,224 ,61 
. 55 ,1566 . 2330 . 370 . 74 .1720 ,3138 .302 ,69 .1705 .37 8 . 247 ,67 
.60 .1550 . 2283 .407 .81 ,1710 .3102 .330 . 76 . 1704 . 3767 .271 ,73 
,65 ,1538 ,2245 445 ,88 . 1699 , 3066 .360 2 .1702 ,3743 . 295 ,79 
,70 ,1527 ,2220 ,4 0 .95 .1684 .3027 
: 417 
9 .1700 ,3720 .320 5 
.75 . 1517 .2206 ,516 1. 02 ,1663 ,29 : 96 , 1694 . 3690 ,344 ,92 
,80 .1508 ,21 6 ,552 1.09 .1041 . 2945 .445 1. 02 .16 7 .3660 ,369 ,98 
,85 ,1501 .2154 . 593 1.16 ,1619 . 2898 ,477 I. 09 .167 . 3625 , 393 1. 04 
,90 ,1488 ,2110 .635 1. 23 . 1598 ,2847 .505 1.16 , 1666 ,3587 ,418 1.10 
,95 ,1471 ,2062 .680 1. 30 ,1578 ,2799 . 536 I. 23 .1650 .35·14 ,142 I. Ii 
1.00 .1442 .2015 .715 1. ,1560 ,2755 ,568 1. 30 .1631 .3498 .467 1. 24 
I. 05 .1393 .1968 ,743 1. 45 , 1545 .2712 .599 1. 37 ,1609 . 3446 .490 1. 30 
1.10 ,1340 ,1915 . no 1. 53 . 1531 .2672 .631 1. 43 .1585 · a390 . 514 1.37 
1. 15 .1279 ,185 ,791 U1 .1520 .2632 . 665 I. 50 .1563 ,3333 .540 1. ~3 
1.20 ,1210 ,1795 . 810 1. 69 ,1511 ,2595 ,699 1. 57 ,1542 .3280 .564 1.50 
1. 25 , U31 , 1723 ,821 1.7 .1497 .2560 ,730 I. 64 .1522 .3236 .589 I. 57 
1. 30 .104 · 1644 .828 1.87 ,1 '172 . 2519 , 761 I. 71 ,1503 .3199 .611 1.63 
1.35 .0962 .1550 ,837 1. n6 .1427 . 2470 . 7 0 1. 79 ,1488 .:JI68 .633 1. 70 
1.40 .0 75 · 1453 .843 2.06 ,1372 ,2409 .797 1. 86 .1476 . 3142 .657 1.77 
I. 45 ,07 · 1345 4 2. 17 .1310 .2340 . Rl1 1. 94 . H70 ,3127 ,681 1. 3 
I. 50 ,0700 .1236 50 2.28 .1240 2262 . 822 2.02 .1 468 .3110 . 708 1. 90 
1. 55 .061 1 .1110 . 853 2.41 . 1160 .2170 .829 2.10 .1460 . 30 .n2 1. 96 
1.60 .0521 ,09 4 .848 2.51 . 107 .2065 , A35 2. 19 . 1445 . 3054 . 7!i6 2.03 
1. 65 .0430 . 0843 ,8 12 2.71 .09 . IP50 6 229 .1413 ,3010 . TIS 2.10 
1. 70 .0340 . 0693 35 2.90 .0900 . 1 25 3 2.39 .1370 ,2950 ,7'10 2.17 
l. 75 .0243 ,0531 :800 3. 15 . 0810 ,1690 :839 2. 49 .1318 ,2880 ,800 2.25 
1. 0 . 01~5 .0365 . 715 3,49 .0720 .1540 40 2 62 ,1255 . 2800 06 2.33 
I. 85 , 0048 ,0200 .444 4.05 ,0630 ,1385 41 2.75 ,1191 ,2720 : 810 2. 40 
I. 90 -,0051 .0031 
----------
6. 03 ,0540 ,1230 : 835 2. 90 ,1125 , 2636 11 2,4 
1. 95 
- - ----- - -- ---------- --- - ------ ---- -- ----
.0450 ,1070 ,820 3.05 .1056 .2535 :812 2.56 
2.00 
---------- ---------- ---------- -------. .0360 ,0900 .800 3,24 .0986 . 2427 13 2.66 
2.05 
---------- -------- -- --------- - ----
.0265 .0720 ,754 3.48 . 0910 .2293 .814 2.76 
2.10 
--.-- ----- ---------- ---------- ---- -----
.0175 ,0045 . 675 3.7f> .0830 .2133 16 2.86 
2,15 
--- ------- - --- ------ ---- ------ ----------
.0083 .0365 .49 4. 16 ,0746 .1961 : 818 2.9 
2.20 
---------- --.------- ---------- ------- . -- -.0008 .0190 
----- -- - - -
4. 6 ,0663 .17 0 19 3.10 
2.25 
-------- -. ---------- ---------- ----------
-.0100 . 0010 
----- --_ .- .96 ,0580 . 1595 : 820 3,25 
2.30 
------ ---- - ------- -- ---------- ---------- ---------- ----._---- --- --- ---- -.-------- . 0500 .14 10 ,816 3.40 2.35 
------ ---- ------- --- ------ ---- -- -------- ------
_.- .-.------ ---------- ----------
.0412 .1220 ,795 3.58 
2. 40 
-------- - - ----- ----- -- ----- --- ---- ----- - ---------- --- - ------ - ------- -- ----- ----
.0330 · 10,10 . 762 3. 77 
2.45 
------ --- - ------- --- --------- - ------
--- ---------- --- - ------ --- ------- ----------
.0242 
· OS55 ,694 4. 00 2,50 
------ - --- - - -------- ---------- --- -- ----- --- - ------ ---------- ----- ----- ----------
.0160 ,0"70 .597 4.26 
2.55 
--.----- -- ---------- ----- ----- - ----- ---- ---------- ---------- ----- ----- ------- ---
.0073 ,04 5 .383 4.67 
2.60 





---------- ------ -- -- ---- -- -- -- ---------- --- ------- ----- ----- --- ------- ----------
-, C095 . 0120 
----------
6,42 









Positive directions of axes and angles (forces and moments) are shown by arrows 
Axis Moment about axis Angle Velocities 
Designation Sym-bol 
LongitudinaL __ __ X 
LateraL _________ y 
NormaL _________ Z 
Absolute coefficients of moment 
L M 





















direction tion bol nent along 
axis) 
Y~Z RolL ____ 
'" 
u p 
Z~X Pitch ___ _ () v q 
X~Y yaw _____ 
'" 
w r 
Angle of set of control surface (relative to neutral 
position), o. (Indicate surface by proper subscript.) 













T Thrust, absolute coefficient o.T = 2D 4 pn 






Power, absolute coefficient CP = ~nr. pn 1.F 
Speed-power coefficient=-V ~~: 
Efficiency 
Revolutions per second, r .p .s. 
Eff~ctive helix angle=tan-{2:n) 
5. NUMERICAL RELATIONS 
1 hp.=76.04 kg-m/s=550 ft-lb./sec. 
1 metric horsepower= 1.0132 hp. 
1 m.p.h.=0.4470 m.p.s. 
1 m.p.s. =2.2369 m.p.h. 
1 Ib.=0.4536 kg. 
1 kg=2.2046 lb. 
1 mi.=1,609.35 m=5,280 ft. 
1 m=3.Z808 ft. 

